had a greater proportion of deaths due to coronary heart disease than did foreignborn Chinese. 5 These experiences of Asian immigrants were similar to those reported for other ethnic groups who have migrated from regions with low coronary heart disease to the US 6 and other countries 2' 7 with high rates.
Previous comparisons of Chinese migrants to the US population were limited by the inability to calculate event rates because of absence of information about the population. 5 Based on census data and death certificates, we now are able to report cardiovascular disease mortality rates in New York City Chinese and compare them to rates for New York City whites and Chinese in China.
DATA AND METHODS

DATA SOURCs
This analysis was based on New York City census data obtained from the 1990 Mortality data. Death certificates for the five years 1988 through 1992 were obtained on computer tape provided by the New York City Department of Health, on which all vital events in New York City are stored. 9 Personal identifying information from all death certificates was eliminated to preserve confidentiality.
Deaths were recorded by borough, age, sex, ZIP code, education, race, place of birth, and underlying causes of death, which were coded according to the ninth revision of the International Classification of Diseases (ICD-9). Races of deceased were established by the funeral directors involved in individual cases. Cardiovascular mortality in this analysis was defined the same way as in the WHO statistics annual report. 1~ The following causes of death were included in this analysis: total cardiovascular disease (ICD-9 390-459), coronary heart disease (ICD-9 410-414), cerebrovascular disease (ICD-9 430-438), and hypertensive disease (ICDo9 401-404). Furthermore, cerebrovascular disease was subdivided into hemorrhagic stroke (ICD-9 430-432) and atherosclerotic stroke (ICD-9 433-437) on mortality records for New York City Chinese and whites.
World Health Organization report. The WHO mortality report I~ for Chinese in China was drawn from the National Mortality Statistics sample; it represents about 10% of the total population and yields at least 600,000 deaths annually.
Causes of death were classified according to ICD-9 with the same definitions as mortality records. Type of stroke (hemorrhagic and atherosclerotic), however, was not specified in the WHO report. Urban and rural sample sites were reported separately. In the comparison with New York City, we used the 1990 data for the urban population of China. I~ DATA ANALYSIS All-cause mortality rates, as well as cause-specific cardiovascular mortality rates, were calculated by dividing the number of deaths from 1988 to 1992 by the population (from census data) in 1990 for New York City Chinese and whites.
For Chinese in urban China, the age-specific deaths and population numbers for 1990 reported by WHO were used to calculate mortality rates. Sex-and age-specific death rates of Chinese and whites in New York City and Chinese in urban China were compared. Furthermore, sex-specific ageadjusted death rates of the three groups were computed by direct standardization using the 1990 world standard population reported by WHO.
For New York City Chinese and whites, death rates are based on the aggregate of 5-year figures (1988) (1989) (1990) (1991) (1992) , and annual mortality rates were computed by dividing the 5-year rates by five. For Chinese in urban China, death rate was based on 1990 data reported by WHO. Age-adjusted death rates of the three groups were compared by computing relative risks and their 95% confidence intervals.
RESULTS
Chinese comprised about 3.4% of the total New York City population (7, 289, 839) .
Compared with whites, New York City Chinese were younger, more likely to be male, had a lower educational attainment, and had a lower proportion in professional/administrative and sales/technical positions (Table I) . They were also more likely to be unemployed than whites. Similar data for Chinese in urban China were not available.
For all three groups, circulatory diseases were the leading causes of death, accounting for 39.9%, 51.8%, and 37.9% of all deaths for New York City Chinese, New York City whites, and Chinese in China, respectively. New York City Chinese had sharply lower death rates (less than half) for all causes and total cardiovascular-associated deaths than did New York City whites or Chinese in China (Table II) . The total cardiovascular-associated death rates, including both genders, were the same for New York City whites and Chinese in China (426.2 per 100,000 and 426.0 per 100,000, respectively), and both were sharply higher than New York City Chinese (192.6 per 100,000). New York City Chinese had death rates from coronary heart disease (61.0 and 56.1 for males and females, respectively) between New York City whites (highest) (161.7 for males and 143.9 for females) and Chinese in China (lowest) (45.4 for males and
for females).
Death from stroke in both genders and hypertensive disease among female Overall, New York City Chinese males and females were significantly better off than Chinese in China in terms of total cardiovascular disease, stroke, and hypertension, but the reverse was true for coronary heart disease. On the other hand, New York City Chinese were better off than New York City whites in terms of total cardiovascular disease, coronary heart disease in both genders, and hypertension for males. Of note is the sharp difference in death rates from stroke among Chinese in New York City and those in China. In fact, Chinese in China had rates 6-8 times higher than Chinese in New York City and New York City whites, which, in fact, were similar.
Chinese in New York City had the lowest all-cause and total cardiovascular mortality compared with either Chinese in China or New York City whites in all age groups (Table III) . These differences were most pronounced within the young and middle-aged group (aged 25-64). However, for coronary heart disease, stroke, and hypertension, the mortality differences among the three groups were much greater in middle (45-64 years) and old-age groups (65 years and above) CHD, coronary heart disease; CVD, total cardiovascular disease; HT, hypertensive disease; ST, stroke. than in the younger group. The sharply higher death rates for stroke and hypertensive disease among Chinese in China compared with New York City Chinese and whites were observed among those age 45 and above.
Although overall death rates for stroke for New York City Chinese and whites were similar, the type of stroke differed sharply (Table IV) . New York City Chinese had significantly higher hemorrhagic stroke death rates than did New York City whites, both males and females. By contrast, death rates from atherosclerotic stroke among males were significantly higher in New York City whites than in Chinese. However, this difference did not achieve significance for females.
DISCUSSION
All-cause and total cardiovascular disease mortality are sharply lower for Chinese in New York City than for either New York City whites or Chinese in China.
This variation is explained in substantial part by variation in cause-specific cardiovascular mortality. Specifically, while death rates from coronary heart These mortality differences in cardiovascular disease between natives and migrants probably reflect the varying influences of environment and genetics on the development of disease. ~-7 In comparing migrant mortality rates to those of nonmigrants and of natives of the migrants' destination, when the influence of environment predominates, nonmigrants differ from migrants, and migrant rates tend toward those of the country of adoption. On the other hand, when genetic factors predominate, death rates of nonmigrants and migrants tend to be similar, and both might differ from that of natives of the adoptive country. 13
In China, coronary heart disease is rare, but stroke is common. 14' 1s In 1990, mortality from stroke and myocardial infarction for males in urban mainland China were 126.4 and 22.7 per 100,000 population, respectively, while in the US the respective rates were 46.8 and 106.8, respectively. 1~ Death rates from total cardiovascular disease for Chinese in China and New York City whites were indistinguishable. The specific components of these totals differed sharply, however. Mortality from coronary heart disease for Chinese in New York City was intermediate between that for China and for white neighbors of their adopted land. For stroke, New York City Chinese and whites both had similar and sharply lower rates than did Chinese in China.
Thus, in sharp contrast to coronary heart disease, Chinese promptly have acquired the low stroke mortality rate achieved in the US over decades. The same phenomenon was observed previously among Japanese migrants to Hawaii and California. 4 Perhaps the factors responsible for stroke deaths in migrant populations change more quickly in a Western environment than do the factors operating to increase coronary heart disease.
The low incidence of ischemic heart disease in China I6 has been attributed to the low prevalence of hypercholesterolemia. 17 Chinese have lower mean levels of total cholesterol and low-density lipoprotein cholesterol than do whites. Is On the other hand, some evidence suggests that low blood lipid levels (of both Dietary intake is an environmental factor likely to change with migration.
High intake of total calories and low intake of fiber are associated with increased atherosclerosis and coronary heart disease. 24 Americans derive an average of 43% of total calories from fat, compared to less than 20% of total calories from fat in the Chinese diet. In addition, in China, the consumption of cereals and vegetables, the primary sources of fiber, exceeds that in the US. 25 Presumably, New York City Chinese, as their diets accommodate, increase their blood lipids. This might reduce the incidence of hemorrhagic stroke before it increases atherosclerotic stroke and coronary heart disease, which would be consistent with the findings here. The limitations of this study relate to the imperfection of both census and death records. Aliens, minorities, and illegal immigrants may have been undercounted in the census. However, undercounting is believed to be very low due to coverage improvement programs implemented during the 1990 census. 8 On the other hand, mortality data are likely to be more complete. As a result, death rates in migrant groups might be inflated. However, there is no reason to believe that important systematic bias attends this process in regard to assignment of cause of death. Furthermore, the aggregation of 5-year deaths and the concentration on broad categories of mortality tend to increase our confidence in the overall directions presented here.
In summary, we have found that the overall cardiovascular disease experience of migrant Chinese violates the usual rule that the mortality of migrants falls between place of origin and place of destination. Moreover, the distribution of cardiovascular disease type differed sharply among the groups. New York City whites suffered most from coronary heart disease, which was less of a burden for Chinese regardless of their residence. Stroke, by contrast, so important in China, was a rare cause of death for Chinese in New York City. In fact, in contrast to China, where stroke mortality was 8-9 times that seen in the whites, stroke death rates of New York City Chinese were indistinguishable from that of New *MONICA: Multinational monitoring of trends and determinants in cardiovascular disease.
York City whites. However, the greater rates of hemorrhagic disease occurrence in New York City Chinese resembled the stroke pattern in China. Available data do not explain the dramatic disappearance of stroke from the immigrant Chinese experience. They suggest, however, the association of a powerful protective factor of Chinese who have migrated to New York City.
